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 The major component of Eucalyptus
staigeriana essential oil was (+)-
Limonene.
 The E. staigeriana oil doping in the
chitosan matrix was 36.5%.
 The amount of oil released from the
matrix varied depending on the pH.
 EncEs has demonstrated anthelmintic
activity in vitro.
 EncEs reduced the H. contortus
burden of M. unguiculatus
experimentally infected.g r a p h i c a l a b s t r a c ta r t i c l e i n f o
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Biopolymera b s t r a c t
Phytotherapy has been described as an alternative method for the control of gastrointestinal nematodes in
small ruminants. Goal of the encapsulation of essential oils in biopolymer matrices is to optimize the bio-
logical effects of these oils. The aim of the present studywas to evaluate the in vitro and in vivo anthelmintic
activity of encapsulated Eucalyptus staigeriana essential oil (EncEs) on the eggs and larvae of Haemonchus
contortus. Therefore, the egg hatching test (EHT), larval development test (LDT) and worm load evaluation
were performed to evaluateMeriones unguiculatus experimentally infected withH. contortus. The chemical
constituents of E. staigeriana essential oil (EsEO) and the in vitro oil release proﬁle from the chitosanmatrix
at a pH of 1.2 and 7.0 were also characterized. EncEs and EsEO inhibited larval hatching by 97.19% and
99.96% at doses of 1.5 and 1.0 mg ml1, respectively. In the LDT, EncEs and EsEO induced a larvicidal effect
greater than 95% at concentrations of 5.8 and 8 mg ml1, respectively. EncEs and EsEO decreasedH. contor-
tus load in M. unguiculatus by 40.51% and 46.44%, respectively. The major chemical constituents of EsEO
were (+)-Limonene (72.9%), 1,8-Cineole (9.5%) and o-Cimene (4.6%). The release proﬁle of EsEO was 30%
in acid and 25% at neutral pH. The similar efﬁcacy of EncEs and EsEO demonstrates that there was no opti-
mization of anthelmintic action following the encapsulation process. Therefore, the use of new encapsula-
tion matrices with controlled release in the pH of the abomasum should be investigated.
 2013 Elsevier Inc. All rights reserved.1. IntroductionNematode infections of the gastrointestinal tract adversely af-
fect the productivity of small ruminants worldwide (Vieira,
2008), especially in tropical and sub-tropical countries (Marley
et al., 2003). Haemonchus contortus is considered the main nema-
tode involved in gastrointestinal infections of sheep and goats in
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Waller, 2006). Traditional methods for controlling gastrointestinal
nematodes in small ruminants have been based primarily on the
use of anthelmintic synthetic compounds (Mendonza de Gives
et al., 1998). However, the phenomenon of parasite resistance to
anthelmintic drugs has been reported in many countries (Schnyder
et al., 2005; Melo et al., 2009). There is evidence indicating that the
severity of multiple anthelmintic resistance has reached extreme
levels (Torres-Acosta et al., 2012). A study conducted in 16 farms
situated in northeast Brazil veriﬁed that the prevalence of sheep
resistant nematode populations to oxfendazole, levamisole and
ivermectin was 88%, 41% and 59%, respectively (Melo et al.,
2009). The development of sustainable, environmentally accept-
able methods of nematode control has become a necessity. In this
sense, products of vegetable origin with potential anthelmintic
activity have become a promising alternative (Brunet and Hoste,
2006). Essential oils are among the classes of plant substances re-
ported to possess anthelmintic activity (Hussien et al., 2011). Euca-
lyptus belonging to the Myrtaceae family is a native plant of
Australia, cultivated mainly for the paper, pharmaceutical and cos-
metic industries (Hasegawa et al., 2008). Eucalyptus staigeriana has
been described to have acaricide (Chagas et al., 2002), insecticide
(Maciel et al., 2010) and nematicide actions (Macedo et al.,
2010). To protect and maximize the biological effects of essential
oils, encapsulation techniques employing natural biopolymers
have been investigated (Paula et al., 2011), and chitosan is widely
used for this purpose (Abreu et al., 2012).
The objective of this study was to evaluate the anthelmintic
activity of encapsulated E. staigeriana essential oil (EncEs) in vitro
and in Meriones unguiculatus experimentally infected with H.
contortus.2. Materials and methods
2.1. Preparation of encapsulated E. staigeriana essential oil
E. staigeriana essential oil (EsEO) was purchased from FERQU-
IMA Ind. e Com. de óleos essenciais (Vargem Grande Paulista,
State of São Paulo, Brazil).
A mixture of EsEO and Tween 80 at the ratio of 2:1 was added to
a solution of 4% chitosan (v/v) under stirring at 50 rpm for 10 min
on a magnetic stirrer. The resulting emulsion was allowed to stand
for 10 min at 27 C in the absence of light to allow the complete
hydrogel formation. The macroscopic characteristics of EncES sta-
bility were observed over 72 h.2.2. Chemical analysis
The chemical composition of the essential oil used in this study
was determined by gas chromatography (GC) and mass spectrom-
etry (MS). The oil was analyzed on a Hewlett–Packard 5971 GC/MS
instrument using the following experimental conditions: DB-1-
coated fused silica capillary columns (30 m  0.25 mm), carrier
gas – Helio (1 ml/min); injector temperature – 220 C; detector
temperature – 200 C; column temperature program – 35–180 C
at 4 C/min, then 180–250 C at 10 C/min. For MS, the electron im-
pact was 70 eV.
Compounds were identiﬁed by their GC retention time, ex-
pressed by Kovat’s index, which was calculated by the Van den
Dool and Kratz equation using a hydrocarbon homologous series
and by comparison of the test compound mass spectra with those
present in the National Institute for Standard Technology computer
data bank (NIST; 62,235 compounds) and published spectra
(Adams, 2001).2.3. Animal welfare
The care and handling of the animals used in this study were in
accordance with the internationally accepted standard guidelines
for the use of animals, and the protocol was approved by the Ethics
Committee of State University of Ceará (number: 09657334-1/04).2.4. Egg hatch test
The egg hatch test (EHT) was performed based on the method-
ology described by Coles et al. (1992). H. contortus eggs were recov-
ered according to Hubert and Kerboeuf (1992). A suspension
containing approximately 100 fresh H. contortus eggs was incu-
bated with EncEs concentrations of 0.18 to 1.5 or with EsEO at con-
centrations of 0.125 to 1 mg ml1 for 48 h at 25 C. After this
period, a drop of Lugol was added to stop the reaction. The eggs
and ﬁrst-stage larvae (L1) were counted under an optic micro-
scope. The negative control for EncEs was chitosan solution and
that for EsEO was 3% Tween 80. The positive control was
0.025 mg ml1 thiabendazole. Three repetitions with ﬁve repli-
cates for each treatment were performed.2.5. Larval development test
An aliquot of eggs obtained based on the methodology de-
scribed by Hubert and Kerboeuf (1992) was incubated for 24 h at
37 C to obtain L1. The suspension containing approximately 250
L1 was incubated with EncEs (0.72–5.8 mg ml1) or EsEO (1–
8 mg ml1) in 1 g of sterile feces from gastrointestinal nematode-
free sheep for 6 days at room temperature. After this period, the
third-stage larvae (L3) were recovered according to Roberts and
O’Sullivan (1950) and counted under a light microscope. The neg-
ative control for EncEs was chitosan solution and that for EsEO was
3% Tween 80. The positive control was 0.008 mg ml1 ivermectin.
Three repetitions with ﬁve replicates for each treatment were
performed.2.6. In vivo assay
A total of 12 Mongolian gerbils (Meriones unguiculatus) of both
sexes, weighing 30–34 g, were used in this study. The animals were
approximately seven weeks old. Commercial rodent food and
water were provided ad libitum.
The gerbils were treated with immunosuppressive dexametha-
sone (Azium, Coopers Saúde Animal) for three consecutive days
by intramuscular injection, corresponding to 0.2 mg of active
ingredient per animal. The gerbils were fasted for 24 h before lar-
vae administration. The gerbils received a volume of 0.2 ml con-
taining approximately 4500 H. contortus L3 unsheathed with
sodium hypochlorite via gavage (Ziam et al., 1999; De Jesús-Gabino
et al., 2010).
The gerbils were divided randomly into three groups (n = 4 per
group) for administration over 3 consecutive days (4–6 days after
infection) of the following treatments: G1–500 mg kg1 EncEs;
G2–500 mg kg1 EsEO; G3–500 mg kg1 chitosan solution (nega-
tive control). Four days after the treatment, the animals were
euthanized and necropsied for the recovery and counting of H. con-
tortus from the stomach (Rojas et al., 2006).
The stomach mucosa was immersed in saline solution for 2 h at
27 C to promote larval migration into the solution. The mucosa
was placed in digestion solution (hydrochloric acid and pepsin)
for 20 h. H. contortus larvae were ﬁxed in acetic acid, formaldehyde
and alcohol solution for subsequent quantiﬁcation with a stereo-
scopic microscope (Ueno and Gonçalves, 1998).
Table 1
Composition of Eucalyptus staigeriana essential oils (%) obtained by gas chromatog-
raphy/mass spectrometry using a Hewlett-Packard 5971 GC/MS instrument.
RT (min) Compound Percentage (%) KI
5.3 o-Cymene 4.59 1020
6.5 Myrcene 1.68 991
7.4 Alpha-thujene 1.23 931
8.1 p-Cymene 2.6 1089
8.3 (+)-Limonene 72.9 1031
8.4 Cineole 9.47 1033
10.5 L-alpha-pirene 1.32 932
11.0 Alpha-terpinolene 2.24 1088
Total identiﬁed 96.06
RT: retention time (min), (Results are based on GC-FID; MS acquisition started after
4 min).
KI – Kovats index.
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The release kinetics were performed at neutral pH (7) to reﬂect
the pH of the solutions used in the in vitro assays and at pH 1.2 to
simulate the stomach pH of M. unguiculatus (Scott et al., 2007).
A mass of 100 mg of hydrogel was dispersed in distilled water
and placed in a wrapped dialysis membrane with a cutting size
(molecular weight cut-off) of 14 kDa. This system was submerged
in distilled water with constant stirring. Aliquots were removed at
multiple time points between 0 and 28 h, and the oil concentration
was determined by spectroscopy in UV–Vis (Shimadzu UV-1800)
equipment through a previously constructed calibration curve (1).
Abs ¼ 0:0091þ 0:02354 oil concentration ð1Þ2.8. Statistical analysis
The efﬁcacy of the EHT was determined based on the hatching
percentage according to the following equation: number of
hatched larvae/(number of hatched larvae + number of eggs) 100.
The inhibition percentage of the larval development test (LDT)
was calculated based on the following formula: (number of L3 in
the control – number of L3 in the treated group)/number of L3 in
the control group 100.
The reduction of the parasite burden in the different groups of
gerbils was estimated using the following formula: (mean parasite
burden in the control group – mean parasite burden in the treated
group)/mean parasite burden in the control group 100.
The results were analyzed by ANOVA and compared by the Tu-
key test (P < 0.05) using the Graph Pad Prism program.
The effective concentrations to inhibit 50% (EC50) of the egg
hatching and larval development were determined by the probit
method using SPSS 8.0 for Windows (Camurça-Vasconcelos et al.,
2007).Table 2
Mean efﬁcacy (±standard error) of encapsulated E. staigeriana essential oil and Eucalyptus
Encapsulated E. staigeriana essential oil
Concentration (mg ml1) Efﬁcacy
1.5 97.19 ± 0.4Aa
0.75 78.42 ± 1,4Bb
0.37 39.23 ± 1.52Cc
0.18 19.88 ± 1.39Dd
Negative control 11.42 ± 0,62De
Positive control 99.58 ± 0,1547Af
Capital letters compare mean in the columns and small letters compare mean in the line
(4%) was the negative control and thiabendazole (0.025 mg ml1), positive control.3. Results
The chemical constituents of E. staigeriana oil are presented in
Table 1. (+)-Limonene (72.9%), 1,8-Cineole (9.5%) and o-Cimene
(4.6%) were found to be the major constituents.
The oil doping in the chitosan matrix was 36.5% (v/v). The
hydrogel presented a pale yellow color, a uniform and ﬁrm surface,
although it was still able to ﬂow despite its high viscosity. No
phase separation was visually observed (encapsulation efﬁciency
of 100%). Furthermore, hydrogel formation was noticed to initiate
almost immediately, as soon as both organic and aqueous phase
were brought in contact.
The effectiveness of the EncEs and EsEO in the EHT is presented
in Table 2. When used at 1.5 mg ml1, EncEs was found to inhibit
97.19% of the egg hatching. EsEO inhibited 99.96% of the eggs when
used at 1 mg ml1.
As shown in Table 3, the effective concentration of EncEs able to
inhibit 98.4% of the larval development was 5.8 mg ml1, while the
concentration of EsEO required to inhibit 96.59% of the larval
development was 8 mg ml1. Neither efﬁcacy differed statistically
from the positive control (P < 0.05).
The EC50 values for the EHT and LDT are presented in Table 4.
The inhibition of egg hatching and larval development was dose-
dependent.
EncEs and EsEO (500 mg kg1) reduced 40.51% and 46.44% of H.
contortus load in gerbils, respectively (Table 5). These treatments
signiﬁcantly reduced H. contortus L3 compared to the untreated
control (P < 0.05).
Fig. 1 presents the in vitro release proﬁle of EsEO loaded in the
chitosan hydrogel. The equilibrium was achieved after 4 h, where-
by approximately 30% of the EsEO was released into the medium at
pH = 7, while the remaining portion was entrapped in the hydrogel
network. At acid pH (1.2), the amount released was even lower,
with approximately 25% of the oil released into the medium.
4. Discussion
The investigation of chemical compounds from natural prod-
ucts is important for the development of new anthelmintic drugs,
especially in view of the variety of ﬂora worldwide (Assis et al.,
2003). Eucalyptus spp. essential oil is a complex mixture of a num-
ber of volatile organic components (Salgado et al., 2003). The com-
position of E. staigeriana essential oil may vary substantially, as
shown by the fact that the oil used by Macedo et al. (2010) con-
tained (+)-Limonene (28.82%), E-citral (14.16%) and Z-citral
(10.77%), while the current work found (+)-Limonene (72.9%), cin-
eole (9.5%) and o-cymene (4.59%). Different compositions of essen-
tial oils are usually due to the climate, soil composition and age of
the plant (De Paula et al., 2004).
Comparing the results obtained by various EHT with H.
contortus eggs, the E. staigeriana essential oil (1.35 mg ml1) ob-
tained an efﬁcacy of 99.3% (Macedo et al., 2010), while the Ocimumstaigeriana essential oils on Haemonchus contortus egg hatching.
E. staigeriana essential oil
Concentration (mg ml1) Efﬁcacy
1 99.96 ± 0.14Aa
0.5 88.68 ± 1.18Bb
0.25 41.24 ± 1.24Cc
0.12 20.01 ± 0.93Dd
Negative control 12.08 ± 0.7274De
Positive control 99.58 ± 0.1547Af
s. Different letters indicate signiﬁcantly different values (P < 0.05). Chitosan solution
Table 3
Mean efﬁcacy (±standard error) of encapsulated Eucalyptus staigeriana essential oil and Eucalyptus staigeriana essential oils on Haemonchus contortus larval development.
Encapsulated E. staigeriana essential oil E. staigeriana essential oil
Concentration (mg ml1) Efﬁcacy Concentration (mg ml1) Efﬁcacy
5.8 96.59 ± 0.58Aa 8 98.4 ± 0.76Aa
2.9 54.6 ± 1.34Bb 4 56.84 ± 1.66Bb
1.45 23.53 ± 1.6Cc 2 18.1 ± 2.43Cc
0.72 3.6 ± 1.23Dd 1 4.69 ± 1.01Dd
Negative control 3.13 ± 1.14De Negative control 3.19 ± 1.37De
Positive control 98.02 ± 0.61Af Positive control 98.02 ± 0.61Af
Capital letters compare mean in the columns and small letters compare mean in the lines. Different letters indicate signiﬁcantly different values (P < 0.05). Chitosan solution
(4%) was a negative control and Ivermectin (0.008 mg ml1), positive control.
Table 4
EC50 (mg ml1) and 95% conﬁdence intervals (CI) of encapsulated Eucalyptus
staigeriana essential oil and Eucalyptus staigeriana essential oils on Haemonchus
contortus egg hatching test (EHT) and larval development test (LDT).
Samples EHT LDT
EC50 95% CI EC50 95% CI
EncEs 0.40 0.36–0.45 2.36 1.54–3.81
EsEO 0.24 0.12–0.42 3.24 1.77–6.70
Table 5
Worm load (±standard error) ofMeriones unguiculatus experimentally infected with H.
contortus and reduction of infection after treatment with encapsulated Eucalyptus
staigeriana essential oil (EncEs) and Eucalyptus staigeriana essential oil (EsEO).
Treatament (n = 5) Average worm load (±standard error) % Reduction
500 mg kg1 EncEs 102.2 ± 5.15A 40.51
500 mg kg1 EsEO 92.0 ± 13.3A 46.44
Negative control 171.8 ± 9.25B –
Capital letters compare mean in the columns. Different letters indicate signiﬁcantly
different values (P < 0.05). Chitosan solution 4% (500 mg kg1) was the negative
control.





















Fig. 1. In vitro release proﬁle of Eucalyptus staigeriana essential oil from chitosan
biopolymer matrix at neutral pH (7) and acid pH (1.2).
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of 100% (Pessoa et al., 2002). E. globulus essential oil achieved sim-
ilar results, with an efﬁciency of 99.3% when used at 21.75 mg ml1
(Macedo et al., 2009). However, encapsulated E. staigeriana essen-
tial oil (EncEs) or E. staigeriana essential oil (EsEO) containing large
amounts of (+)-Limonene achieved a similar efﬁcacy at lower con-
centrations (1.5 and 1 mg ml1). Apparently, the encapsulation did
not affect the action of the oil on the egg hatching but the EsEO,
high amounts (72.9%) of (+)-Limonene presented greater efﬁcacy.
In LDT, EncEs presented the same efﬁcacy at a lower concentra-
tion than EsEO. The encapsulation process may have provided
greater stability to EsEO over the six days of larval development
test because it reduced the oil content volatilized. The encapsula-
tion technology can be a good option to guarantee protection to
the essential oils avoiding oxidation reactions and greater preser-
vation of the active principle (Pedro et al., 2009).
The results obtained in the LDT are superior to those obtained
with oils tested previously. Essential oils of Croton zehntneri
(10 mg ml1), Lippia sidoides (20 mg ml1) and E. globulus
(43.5 mg ml1) inhibited 99.2%, 94.5% and 98.7% of H. contortus lar-
val development, respectively (Camurça-Vasconcelos et al., 2007;
Macedo et al., 2009).
Several studies have used M. unguiculatus as an experimental
model of infection with Neospora caninum (Dubey and Lindsay,
2000; Gondim et al., 2001), Toxocara canis (Alba-Hurtado et al.,
2009), Trichostrongylus colubriformis (Ziam et al., 1999) and Stron-
gyloides stercoralis (Sithithaworn et al., 1998). Additionally, M.
unguiculatus has been described as capable of harboringH. contortus in the stomach (Conder et al., 1990, 1991) prior to
immunosuppression (Königová et al., 2008) and in the absence of
immunosuppression (Ostlind et al., 2006). In the process of evalu-
ating the anthelmintic efﬁcacy of the amino-acetonitrile derivative
monepantel, M. unguiculatus was used as an experimental model
for infection by H. contortus and T. colubriformis (Kaminsky et al.,
2008). The present study achieved a satisfactory level of infection
in experimental M. unguiculatus after prior immunosuppression
and the administration of unsheathed larvae.
Emulsion orange oils (600 mg kg1) used over ﬁve consecutive
days achieved a 62.6% reduction of H. contortus burden in M. ungu-
iculatus (Squires et al., 2010), while a single administration of the
same dose resulted in a reduction of only 7%. Ethanolic and aque-
ous extracts from Artemisia annua caused reductions of 24.7 and
2.1%, respectively, when used at a dose of 600 mg kg1 over ﬁve
days (Squires et al., 2011). EncEs and EsEO demonstrated greater
effects on H. contortus than extracts of orange emulsion and A. an-
nua, most likely due to the chemical composition of the products
tested.
Macedo et al. (2010) found that EsEO administered orally to
Swiss albino mice have low toxicity (LD50 = 4,112.94 mg ml1).
Furthermore, sub-chronic toxicity tests in Wistar rats showed EsEO
caused no hematological and biochemical alterations. Based on
these data, we used the concentration of 500 mg ml1 EsEO free
or doped into the matrix of chitosan in tests with M. unguiculatus.
Although experimental infections in gerbils using ruminant
nematodes are conducted for studies of parasite-host relationship
and testing in vivo of assessment of anthelmintic efﬁcacy (Conder
et al., 1991; Squires et al., 2011), different anatomical and physio-
logical parameters between M. unguiculatus and small ruminants
should be considered in evaluating the effectiveness of EncEs.
Physiological conditions intrinsic to each species is a factor to be
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medium in in vivo assays modiﬁes the ionic interactions in the
hydrogel and is able to directly inﬂuence the release kinetics of
oil in the abomasum of the target species. The anatomic-physiolog-
ical parameters, characteristic of the abomasum of small rumi-
nants, were not assessed in this study due to the limitation of
the use of M. unguiculatus as an experimental model.
The volatility and water-insolubility of Eucalyptus spp. oils do
not allow them to be used to control nematodes (Batish et al.,
2008). The preparation of pharmaceutical forms of chitosan-based
matrices for encapsulation of volatile compounds has been pro-
posed to promote the active protection and to maximize the bio-
logical effect of essential oils (Paula et al., 2011), in addition to
conferring higher water solubility (Mima et al., 1983). The in-
creased solubility of the new formulation (EncES) compared to
EsEO was observed to affect both the in vitro and in vivo tests per-
formed in this study.
Chitosan is one of the most promising biopolymers for drug
delivery, tissue engineering, gene therapy and theranostics and
may have the most innate medical potential of all cationic polysac-
charides found in nature (Dash et al., 2011). Chitosan can be used
as an encapsulating matrix due to its ecological safety, low toxicity
and excellent biocompatibility and biodegradability (Jayakumar
et al., 2007).
Clinical tests carried out using chitosan-based biomaterials
have not been reported to cause any inﬂammatory or allergic reac-
tions following implantation, injection, topical application or
ingestion in the human body (Chatelet et al., 2001). Due to its po-
sitive charges at physiological pH, chitosan is also bioadhesive,
which increases its retention at the site of application (Senel and
McClureb, 2004). Nevertheless, the bioadhesive properties of EncEs
need to be investigated to determine the degree of adherence to
the abomasal mucosa of sheep and consequently the time required
for EsEO action on H. contortus.
Chitosan gels release lower levels of substances when in acidic
medium (Cojocariu et al., 2012). The low levels of EsEO released
from the chitosan matrix could be due to crosslinking among
chemical groups present in the chitosan matrix and the EsEO.
The minor release does not invalidate the use of EncEs in control-
ling haemonchosis in sheep, given that factors related to body tem-
perature, internal pressure and abomasal ﬂora may also inﬂuence
the release kinetics of the oil. Chitosan hydrogels also have the
ability to respond to changes in external environmental factors
such as pH and temperature (Sokker et al., 2009).
The alternative use of plants is a potential tool in the control of
gastrointestinal nematodes of small ruminants. In this sense, the
encapsulation technology of essential oils with biopolymer matri-
ces is a new area warranting exploration. The similar efﬁcacy of
EncEs and EsEO demonstrates that there was no optimization of
the anthelmintic action following the encapsulation process. New
formulations (micro- or nanoencapsulation) that promote greater
penetration of the product into the cuticle chitin of the parasite
or the use of new encapsulation matrices with controlled release
in the abomasal pH should be investigated.Acknowledgments
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